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英文简称 英文全称 中文全称 





DTT DL-Dithiothreitol 二硫苏糖醇 
DW distilled water 蒸馏水 
EDTA ethylene diamine tetraacetic acid 乙二胺四乙酸 
EDX X-ray Energy Dispersive X射线能谱 
FW fresh weigh  鲜重 
FTIR Fourier Transform infrared spectroscopy 傅里叶转换红外线光谱 
Glu Glutaric dialdehyde 戊二醛 
γ -GCS γ-glutamylcysteine synthetase γ-谷氨酰半胱氨酸合成酶 
ICP-MS Inductively coupled plasma mass spectrometry 电感耦合等离子体质谱 
MDA malondialdehyde 丙二醛 
PA Paraformaldehyde 多聚甲醛 
PBS phosphate buffer 磷酸缓冲液 
PMSF Phenylmethanesulfonyl fluoride 苯甲基磺酰氟 
POD peroxidase 过氧化物酶 
























他 3 个菌株而言，对 Pb 和 Cd 的富集能力更强。在 1 mg/L 条件下，双孢蘑菇对
Pb 和 Cd 的富集量达到最大，分别为 3.179、18.065 μg/L。随着重金属添加浓度
的升高，与空白组相比，Pb 和 As 的胁迫对菌丝生长速度、菌丝大小几乎没有影
响。而 Cd 的胁迫对菌丝生长速度与菌丝大小影响很大，在浓度 0.25 mg/L 时，
抑制率就达到了将近 12%。 
在 Pb、Cd 和 As 胁迫下，菌丝体间连接、菌丝大小及表面等都发生了变化，
细胞壁和细胞膜等微观结构也发生了变化。细胞内部变得空洞，内部有明显的黑
色重金属颗粒物堆积，主要是由于部分重金属离子在胞内形成金属沉淀物。通过
傅里叶变换红外光谱分析结果表明，在 1 mg/L 的重金属胁迫下，其对双孢蘑菇
体内重要的官能团几乎没产生影响。 
在 1 mg/L Pb 和 As 的胁迫下，菌丝体中过氧化氢酶（CAT）和过氧化物酶
（POD）的活力发生了一些变化，但是规律不明显，而 Cd 胁迫下，CAT 酶活力
呈现先增加后减小的趋势，POD 酶活力总体趋势为变小。在 Pb 的胁迫下，MDA
含量随着 Pb 浓度的增加而先上升后下降，而添加 As 和 Cd 后，MDA 的含量与
对照组相比变化不大。研究重金属对双孢蘑菇 γ-GCS 基因表达的影响，发现在
浓度 1 mg/L 范围内，Pb、As 和 Cd 对 γ-GCS 的合成主要起促进作用。在 50 mg/L
范围内的 Pb 和 As 以及 1 mg/L 范围内的 Cd 的胁迫下，双孢蘑菇总蛋白的种类
几乎没有变化，但是某些蛋白的表达量随着重金属含量的升高而略有上升。 

















Recent studies have found that with the rapid development of industrialization 
and urbanization, more and more heavy metal pollutants are released into the soil and 
other environment throμgh various means. It not only contaminate the soil organisms 
and plants directly, damage the ecological structure, but also throμgh the food chain 
migration and transformation, harm to human health. How to repair the heavy metal 
pollution is an important environmental problem. 
This topic takes the artificial cultivation of Agaricus bisporus (AS2796) as the 
main research object. Make it and Pleurotus eryngii, Agrocybe aegirit, Pleurotus 
geesteranus in different concentrations of Pb, Cd and As stress treatment,exploring the 
heavy metal accumulation ability of four kinds of macrofungi. The results showed 
that Agaricus bisporus had stronger enrichment ability of Pb and Cd than the other 3 
strains. Under the conditions of 1 mg/L, the enrichment of Pb and Cd in Agaricus 
bisporus reached the maximum, which was 3.179 and 18.065 μg/L, respectively. With 
the increase of the concentration of heavy metals, the stress of Pb and As had little 
effect on the growth rate and the size of the mycelium compared with the blank group. 
The Cd stress had a great influence on the growth rate and the size of the mycelium, 
and the inhibition rate reached nearly 12% when the concentration of Cd was 0.25 
mg/L. 
We found that mycelium connection, the size of mycelium and surface have 
changed in under the stress of Pb, Cd and As,cell wall and cell membrane micro- 
structure has also changed. The inside of the cell becomes empty, and there are many 
significant accumulations of heavy metal particles inside the cell, which may be the 
result of some heavy metal ions forming metal deposits in the cell. The results of 
infrared spectrum analysis showed that the main functional groups of Agaricus 
bisporus were almost not affected by the heavy metal stress of 1 mg/L. 
Under 1mg/L Pb and As stress, catalase (CAT)and peroxidase (POD) activity of 
















activity showed the trend of first increased and then decreased, and the POD activity 
of the overall trend is decrease. Under the stress of Pb, the content of MDA increased 
first and then decreased with the increase of the concentration of Pb, while under As 
and Cd stress, the content of MDA changed little compared with the control group.To 
study the effect of heavy metals on the expression of -GCS gene of Agaricus bisporus, 
and found that Pb, As and Cd in the concentration range of 1mg/L to promote the 
synthesis of γ-GCS. Under the stress of Pb and As within 50 mg/L and 1 mg/L in the 
range of Cd, there was almost no change in the total protein of Agaricus bisporus, but 
the expression of some protein increased with the increase of heavy metal content. 























重金属（通常是指密度大于 4.5 g/cm3 的金属，包括金、银、铜、铅等）污
染作为重要的环境污染源之一，是指重金属或其化合物造成的环境污染，其主要
污染来源如图 1 所示。2012 年，环境保护部部长周生贤表示，应将防治重金属
污染作为环保工作的重中之重，其原因有三个。 
其一、我国重金属污染物排放量大。据调查显示，2007 年全国仅废水中铅、
汞、铬、镉、砷五种重金属的产生量就达 2.54 万吨，排放量近 900 吨。而大气

























图 1 重金属主要污染来源 
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